
From: Atira R Mabin-Hampton
To: Buckmaster, Tarek (DEQ)
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Date: Tuesday, July 19, 2016 11:01:00 AM
Attachments: Steam Electric Effluent Limitation Guidelines - MonPP_Doc-Final.pdf

Hi Tarek,
Attached is the justification document to be used as a supplement for the NPDES permit application
as we discussed.
Please let me know if you have any questions, comments or wish to discuss this document further.
Thank you,
Atira Mabin
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Steam Electric Effluent Limitation Guidelines (ELG)  


DTE Energy - Monroe Power Plant 
 


Introduction 


On September 30, 2015, EPA finalized Effluent Limitations Guidelines and Standards for the 


Steam Electric Power Generating Industry. The issuance of this rule was the first confirmation 


that Monroe Power Plant would be required to:  


1. Modify bottom ash system to achieve zero discharge of Bottom Ash Transport 


Water (BATW). 


2. Either achieve new discharge limits for Flue Gas Desulfurization (FGD) 


blowdown or convert to a Zero Discharge system. 


3. Achieve zero discharge of Fly Ash Transport Water by converting to a dry fly ash 


handling system. 


 


Plant Description 


Monroe Power Plant (MPP) is located at 3500 East Front Street, Monroe, Michigan. MPP 


consists of four B&W supercritical wall-fired boilers firing a blend of subbituminous coal, 


bituminous coal and petroleum coke rated for a maximum gross output of 3,280 MW. The units 


started commercial operation from 1971 to 1974. The units are all equipped with cold-side 


electrostatic precipitators for particulate matter emission control, selective catalytic reduction for 


NOx control and forced oxidation flue gas desulfurization (FGD or scrubbers) for SO2 and other 


air pollutant control. 


Below is a more detailed description of the bottom ash, FGD, and fly ash systems, as well as the 


associated compliance options and major activities that must take place to determine the 


optimum design.   


 


Bottom Ash Transport Water (BATW) 
At the bottom of each boiler, BATW is combined with boiler seal water overflow, Bottom Ash 


Pit sump, Coal Mill rejects, and other miscellaneous water sources. This combined waste stream is 


conveyed to concrete tanks, which is known as the Bottom Ash Dewatering System (BADS).  The 


primary concrete tanks remove large ash particles from the wastewater flow supplemented by a 


coagulant injection which agglomerates the ash fines into bigger particles for faster settlement.  The 


larger bottom ash from the Primary Tanks is decanted and then marketed.  The partially clarified 


BATW is then discharged to secondary concrete tanks for removal of small ash particles 


supplemented by a flocculent injection that pulls the ash fines together for additional settlement.  


The finer bottom ash from the Secondary Tanks is decanted and then landfilled.  


 







2 


 


Economizer ash is processed by sluicing to either the Fly Ash Slurry System which transports it to 


the Fly Ash Impoundment or into the units’ Boiler Bottom Ash Hoppers which transports it to the 


BADS.  Currently, all units are in the process of converting over to the later.  The area surrounding 


the BADS tanks is covered in concrete and is sloped into the tanks, providing treatment of any 


stormwater that might be impacted by bottom ash storage and dredging operations. During periodic 


maintenance outages the interior and exterior of the boiler is washed and both boiler fireside wash 


water and boiler exterior wash water enters the BADS. Some of the above flows are episodic and 


not well quantified.  Although the EPA Guidelines allow a purge or “blowdown” stream to be sent 


from the BATW to the FGD scrubber as make up water, many of the streams that presently 


discharge to the BADS are large in comparison to the scrubber make up water demand. Quantifying 


both average and maximum flows from all inputs to the BADS over several months and under 


various operating conditions is necessary to potentially design a system that will ensure continuous 


compliance.  


 


Bottom Ash Compliance Options  


The following provides a summary of two bottom ash compliance options: 


1. BATW Recirculation 


One method for complying with the guideline is to recirculate BATW.  This could be accomplished 


by installing surge capacity on the existing BADS and rerouting some of the miscellaneous flows 


described above, or it could be accomplished by replacing the existing concrete tanks by more 


automated steel tanks referred to as Remote Submerged Flight Conveyors (RSFC). Either use of the 


BADS concrete tanks or their replacement with RSFC will result in a build-up of fine solids in the 


recirculated BATW.  These fine solids are dark in color. Any blowdown from this system would 


have to receive additional suspended solids removal before being used as make-up water in the 


FGD scrubber.  The FGD scrubber produces approximately 400,000 tons per year of synthetic 


gypsum, primarily for use in wall board. The specifications for this white wall board prohibit any 


black material, such as the blowdown from untreated BATW.  


 


2. Dry bottom ash handling 


An alternative compliance option is dry bottom ash handling. Dry bottom ash handling is 


achieved by replacing the bottom of each boiler with an entirely new dry bottom ash handling 


system, one that uses air, rather than water to transport ash in a pipe. While, this option is 


expected to have a higher capital cost and require a coordinated boiler outage of extended duration, it 


would eliminate the BATW stream and avoid rerouting all the other waste streams that are currently 


combined with BATW. A coordinated boiler outage of extended duration only occurs once every  


2 ½ years on any one of the four Monroe boilers.  In the preamble to the ELG rule EPA states that it 


anticipates such work would occur during normally scheduled outages and not require a special 


outage. 
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Any design must also address all of the other ancillary waters and wastes that are also routed to 


the BADS and the Process Wastewater and Storm Water Basin.  As discussed earlier, these 


ancillary waters include high pressure boiler internal washes and external boiler washes 


conducted during boiler outages.  For some wastewaters and waste, such as economizer ash and 


rejects both dry and wet handling technologies exist. An integrated analysis must be done to 


determine the capital and operating costs of not only the bottom ash and economizer ash 


handling systems but of all of the miscellaneous systems presently utilizing the concrete tanks. 


The DTE Electric Company will also continue to identify and evaluate other emerging 


technologies and potential operating scenarios for potential least-cost solutions. 


 


Flue Gas Desulfurization (FGD) Water 
Although the Monroe Power Plant is one of the largest power plants in the country, it produces a 


relatively small volume of FGD wastewater.  The amount of scrubber water which is blown 


down from a recirculated system is determined by controlling the potential for chloride corrosion 


and the chloride content of the fuel. The scrubbers utilize special corrosion resistant materials 


consisting of tile lined absorber vessels and specialty steels that tolerate high chloride 


concentrations in the recirculating scrubbing fluid. In addition, the plant typically burns 


relatively low chloride fuels. The chloride in the fuel volatizes during combustion and is 


subsequently removed from the plants exhaust by the FGD scrubbers. While the FGD 


wastewater flow is relatively low it varies enormously because of variability of electrical load 


generation, fuels burned, and their related chloride content. 


 


The high degree of recirculation also results in a very high nitrate concentration in the scrubber.  


As the scrubber water is recirculated, it also builds up higher nitrates as the FGD scrubs NOX (or 


nitrogen oxides) from the exhaust gas.   


 


The existing wastewater treatment plant was designed to remove arsenic and mercury from the 


FGD blowdown and it successfully accomplishes these tasks.  The EPA guidelines impose new 


limitations on selenium and nitrate, and the wastewater plant was not designed to remove these 


parameters. 


 


FGD Compliance Options 


Two general compliance options have been utilized at other power plants to remove selenium 


and nitrate from FGD blowdown discharge. One is a biological option that utilizes special biota 


to remove, first nitrate and then selenium from the wastewater. The second is a Zero Liquid 


Discharge Option (ZLD) which utilizes one of various evaporation technologies.  


 


1. Biological 


Biological Treatment generally requires relatively constant flow and relatively constant pollutant 


loading. Both the flow and the nitrate concentration vary widely in the blowdown of the Monroe 
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FGD scrubber. Although the plant may average approximately 200 gpm on a yearly average 


basis, the flow may be as high as 600 gpm on some days, and during other periods when the 


lowest chloride containing fuel is burned, there may not be any discharge for a number of days. 


In addition, the high total dissolved solids content of the wastewater and its scaling potential also 


cause problems.  


  


DTE Energy recently supported funding and participated in a pilot test of a biological system to 


remove selenium and nitrate from FGD wastewater associated with a power plant that burned 


low chloride subbituminous (Powder River Basin) coal.  That power plant had a more consistent 


flow rate and a more consistent nitrate concentration in its wastewater than would be expected 


from the Monroe FGD system. The wastewater was diluted two-fold to reduce both its scaling 


and dissolved toxicity potential. Additional nitrate removal beds were installed upstream of the 


selenium removal bed.  In spite of these conditions that would be considered more positive in 


nature than expected at Monroe, the pilot was unable to consistently meet the new EPA effluent 


limits.  DTE Energy continues to evaluate biological treatment as a technology option for the 


Monroe PP FGD system.   


 


2. Zero Liquid Discharge (ZLD) 


The scaling potential of FGD wastewaters in the past has rendered the water unfit for use in 


evaporators unless the wastewater was softened prior to evaporation.  Softening of waters 


containing 10,000 ppm of calcium/magnesium, however, produces an enormous amount of 


wastewater sludge. Additionally the resulting brine from an evaporator would primarily consist 


of a sodium chloride brine which would be very soluble and make disposal problematic.   


 


A new generation of thermal evaporation systems are being tested which have the potential to 


concentrate FGD wastewaters without preliminary softening. The resulting brine from these 


evaporators primarily consists of calcium chloride brine. Preliminary results indicate that these 


salts will physically bind to fly ashes and limes and are more stable than sodium chloride brine/ 


fly ash mixture. Neither this new generation of evaporators nor the technology to create a fixated 


brine/fly ash mixture for disposal from the resulting calcium chloride brine and fly ash have been 


deployed at any power plant. Both the evaporator technology and the technology for fixating the 


resulting brine are being tested and are under further development. DTE Energy is funding and 


participating in some of the research through its association with EPRI and is targeting research 


dollars on the most promising technologies. 


 


Fly Ash  


The Monroe Power Plant presently has 80% of the fly ash from two of its four units on a hybrid 


system. During the summer 80% of the fly ash from the hybrid system is conveyed 


pneumatically in a dry state to a silo and sold. During the winter 40% the fly ash from this hybrid 
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system is sluiced to the fly ash impoundment. All of the fly ash during both summer and winter, 


from the remaining two units is continuously sluiced to the fly ash impoundment.  


 


Fly Ash Compliance Options 


In the future the plant will be required to abandon the method of sluicing ash to its fly ash 


impoundment. The entire fly ash handling system will be converted to a dry (pneumatic) system 


and the plant intends to market most of the fly ash from all four units for beneficial reuse during 


the summer month’s peak commercial use. More than half of the winter time production of fly 


ash is expected to be marketed. Fly ash is primarily used as an ingredient in cement mixes for 


concrete. The concrete construction market is weather dependent creating variations in market 


demand.  


 


The conventional disposal option for unmarketable, pneumatically conveyed fly ash is to add 


about 15% water to the dry ash (defined as “conditioning”) and convey the conditioned fly ash 


by open top dump truck or conveyor to the landfill. The water conditioning is added to suppress 


dust. Fly ash has the consistency of talcum powder or cement and will create a fugitive dust 


problem if water is not added. The Monroe Plant, however, may choose a more innovative 


hybrid disposal option that combines unmarketable fly ash with the brine from an FGD 


wastewater evaporator to create a paste which is then landfilled. This option may be feasible if 


the wastewater evaporator technology is selected.  


 


Preliminary testing identifies two major potential benefits to combining the brine from an FGD 


evaporator with fly ash: 


1. Eliminating all of the water from a calcium chloride brine is very energy intensive.  


Furthermore calcium chloride is a desiccant and, as a crystal, will absorb water from 


the atmosphere, quickly becoming a semi solid, so there is little point in driving off 


all of the water.  


2. The cementatious reaction between a calcium chloride brine and fly ash is expected to 


chemically combine almost all of the calcium and much of the chloride, creating a 


superior material for landfill. 


 


There are several unknowns, however, that need to be resolved before the Company can commit 


to such a technology.  Namely: 


1. Can the long term performance of an evaporator that does not require water softening 


be guaranteed? 


2. How can the fly ash/brine paste be mixed and placed during winter months? 


Cementatious reactions require the alkalinity and the heat of hydration from the initial 


slaking of lime to drive the subsequent dissolution of aluminum and silica, with the 


eventual formation of aluminum, calcium, and silicate precipitates.  While Portland 
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cement concrete can be poured in winter months, if freeze protected, novel means of 


storing, mixing and placing of fly ash and brine will likely be required in the winter. 


3. What is the optimum mix of ash, lime and brine?  Does this mix change in winter 


months and with fuel variability producing fly ash with differing characteristics?  


4. Once mixed, the reaction quickly turns the mixture into a cement-like product.  This 


presents challenges in transport to a landfill either by truck or by conveyor.  A 


consideration is to build a system that performs the mixing at the landfill site to allow 


disposal time. 


 


 


Major Activities Required for Compliance 


 


1. Water Balance Study 


One of the key studies that must be completed up front is a water balance study.  This analysis 


will determine any compliance system design criteria and must go into much more detail than the 


typical water flow diagram referenced with the plant’s NPDES permit.  The water balance study 


will identify not only BATW, but all flows to the BADS and to the process wastewater and storm 


water basin under all operating conditions.  To understand the operational feasibility and cost for 


a recirculation system that has the capability to achieve zero discharge for BATW, detailed flow 


and routing information must be obtained for all other source flows into the BADS and basins. 


Additionally flow rates of all influent and effluent streams will be identified as well as the 


chemical breakdown of the streams identifying key constituents of that stream.  Flows that are 


small and episodic can have a very disproportionate impact on the system design.  Rerouting 


these flows can be very expensive; however the flows could overwhelm the recirculation system 


with too much water if not redirected. The water balance study is a key input to evaluate 


potential design options.   


2. Evaluating Potential Technologies – Conceptual Engineering:  


A key task will be the preliminary evaluation of system design, modeling waste stream interaction, 


waste stream downsizing or elimination (i.e., dry bottom boiler technology vs bottom ash sluicing), 


and technology options. This conceptual analysis will include evaluation of all potential 


technologies, development of a conceptual cost analysis, and a conceptual schedule for 


implementation of each of the technologies. Technologies/Control Systems preliminarily identified 


include recirculation using the existing ash settling basins (such as Submerged Flight Conveyors, 


settling tanks and/or clarifiers) or installation of dry bottom boiler technology. The Company will 


continue to benchmark other utilities and determine that all potential options are considered in the 


analyses. The results of an initial Water Balance Study will be the basis for the conceptual 


engineering study for the bottom ash system as well as the fly ash system. The results of the 


technology evaluation for FGD wastewater treatment can be the basis for conceptual engineering 
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study of the FGD system. Integrated analyses of combined capital and operating expenses of all 


options, however, will be necessary before going beyond conceptual studies.  


 


3. Integrated Analyses 


Integrated analyses of all systems may lead to different conclusions than those derived individually.  


The following points illustrate the complex issues that must be considered when performing 


integrated analyses: 


 Recirculating BATW may only be a least cost option if economizer ash handling is ignored;   


 Whether a recirculating BATW system can or cannot utilize the existing FGD wastewater 


clarifier may be dependent on whether the company chooses to use an evaporator in lieu of 


the physical/chemical/biological treatment option;   


 A physical/chemical/biological treatment system for FGD requires continued use of this 


clarifier, whereas use of the alternative evaporator system frees up the clarifier for other 


purposes;  


  How and where fly ash is mixed with either brine or water (for dust suppression) will be 


dependent on whether an evaporator/paste technology is chosen for FGD compliance; 


 Elimination of the BATW through a dry bottom boiler ash system will decrease the need of 


water treatment systems for the recirculation stream, allow for integration of a dry 


Economizer Ash system versus a wet transport system, create a separate Coal Mill Reject 


system, and eliminate all miscellaneous water source stream currently supporting the wet 


bottom boiler ash handling system; 


 And dry bottom boiler ash systems will eliminate the large volume BATW and treatment 


concerns driving technology selection into a smaller scale and perhaps even different 


technologies for the remaining waste streams.  However, this option may require inordinate 


reconfiguration of the plant and be cost prohibitive.   


 


4. Performing Final Evaluation and Securing Funding 


 Once the previous studies and analyses are completed, the Company must conduct a final 


evaluation of design options and determine a final selection. At this point, the final evaluation 


will select the least-cost alternative that meets all technological and reliability requirements. 


 


The final technology selection must then be taken through the Appropriations Process. This is 


necessary to secure funding to implement the solution to meet the standards. A project this 


size will include several levels of review and approval. 


 


As the project(s) are approved and funded, the Company will need to issue Request for 


Proposal(s) (RFP(s)) for the technologies selected, and for the design and construction of the 


systems. This will require evaluation of qualified bidders (engineers and equipment suppliers), 


developing an RFP, evaluation of Proposals, and ultimately selection. 
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5. Securing Contracted Services 


To assist the Company with the Water Balance Study, the Technology Evaluation and Preliminary 


Design, the Company will have to identify and contract with an owner’s engineer and/or various 


consultants. This process will require identification of qualified owner’s engineers and/or 


consultants. It must be recognized that a single firm might not be the best for all of these separate 


projects, and multiple owner’s engineers or consultants might be required. The Company will 


develop a Scope of Work to be performed, provide the Scope of Work to qualified bidders, and 


solicit an RFP. This process can be lengthy, taking up to six months from initiation to contract 


completion required to start work. 


 


6. Conducting Final Design, Construction and Commissioning Activities 


Upon selection, the owner’s engineer can begin detailed system design. This design will be required 


prior to any construction activity, and will be needed to specify equipment to be purchased.  


The design will include detailed project scheduling for design, purchase and construction. The 


schedule is dependent upon the type of technology selected and long lead times needed to procure 


the equipment. The four units at Monroe Power Plant are on a multi-year cycle for scheduled major 


outages. There is a certain level of construction that can be completed prior to the outage, but the 


schedule for installation of major equipment will need to be integrated into these major outage 


cycles. Depending on the final technology/system design selection, there may be multiple outages 


required for final implementation. This requirement will be determined during the final design. 


Following installation, there will be a startup/shakedown period to get the equipment 


operating reliably and consistently meeting the standards. 


 


Conclusion 


The major activities described above identify the complexities and extensive time commitment 


associated with achieving ZLD for ELG compliance. The Company must study the innovative 


technologies for the treatment of FGD blowdown and integrate the design of any FGD system into 


both the design of the bottom ash and fly ash systems.  Elimination, combining, or reduction in 


waste streams is a modeling effort that is required prior to technology selections.  Various ELG 


technologies currently available range from Beta testing mode, Pilot Testing mode, and mining 


technology imports. All of the aforementioned technologies have little power utility proven 


expertise. The challenges come in adapting this range in technology options into a reliable, full 


scaled, functional, and compliant power utility technology(s).  These elements require time to fully 


evaluate how to best synergize compliance with ELG requirements. In addition, harmonizing CCR 


rule compliance with ELG rule compliance is a necessary component of the overall strategy.  


 


The Company has identified groups of tasks that must be completed to meet the milestone 


schedule proposed in the draft NPDES Permit and anticipates achieving ELG compliance by 


the December 2023 attainment date. 






